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57) Abstract 

The improved hearing aid appara- 
us (12) of the present invention includes 
; sound processing component (14) for 
eceiving sound and for converting the 
ound into an electromagnetic signal and 

magnetostriction device (4) for vibrat- 
ig within an auditory path of the user in 
ssponse to the electromagnetic signal to 
timulate an inner ear to create the percep- 
on of sound. The magnetostriction de- 
ice (4) of the present invention includes 

body (10) implantable in an implant au- 
itory path of an implant recipient The 
lagnetostriction device (4) is composed 
f a biocompatible magnetostriction mate- 
also that the body (10) undergoes elastic 
^formation and restoration within the au- 
itory path in response to a varying elec- 
omagnetic field applied as a representa- 
Dn of a sound to be perceived by the im- 
am recipient The method of the present 
vention comprises artificially generating 
nind representing oscillations within an 
iditory path. 
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IMPLANTABLE MAGNETO STRICTIVE 
gSARIKQ AID APPARATUS. DEVICE AND METHOD 

Background of the Invention 

This invention relates generally to hearing aids and 
methods and more particularly, but not by way of 
limitation, to an implantable magnetostrictive hearing 
aid device which undergoes elastic deformation and 
restoration in response to an electromagnetic field to 
create the perception of sound in an implant recipient. 
"Hearing aid" is used descriptively as referring to 
something for aiding a user to hear or in some manner 
sense or perceive sound. In this sense the present 
invention is a hearing aid, but preferred embodiments of 
the invention are technically referred to as implantable 
hearing devices (IHDs) . Such a preferred embodiment is 
specifically a magnetostrictive IHD. 

The perception of sound in a person normally occurs 
when sound waves strike the tympanic membrane causing the 
small bones of the ossicular chain in the middle-ear to 
vibrate. The middle-ear vibrations are conducted through 
the membranes of the oval and round windows, resulting in 
electrical impulses being transmitted from the cochlea 
through the auditory or cochlear nerve to the brain. 
However, some individuals are hearing impaired because 
this transmission chain does not function properly. For 
example, the transducers of the inner ear (hair cells) 
may be reduced in number resulting in sensorineural 
hearing loss. 

Hearing aids are available to improve the perception 
of hearing in sensorineural-impaired individuals. One 
conventional hearing aid which is widely used is an "air- 
conduction" type apparatus. Air-conduction hearing aids 
merely amplify the incoming sound. However, some 
hearing- impaired persons derive little or no benefit from 
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an air-conduction hearing aid because of insufficient 
amplification, poor frequency response or acoustic 
feedback oscillation noise. 

A cochlear implant hearing aid is referred to in 
U.S. Patent No. Re. 32,947 to Dormer et al., incorporated 
herein by reference. 

Another kind of hearing aid is a M bone-conduction w 
type apparatus. A bone-conduction hearing aid converts 
sound waves into a mechanical vibration which vibrates 
the cochlear capsule, thus stimulating the cochlea and 
creating the perception of sound in a user. See U.S. 
Patent No. 4,612,915 to Hough et al. and U.S. Patent No. 
4,774,933 to Hough et al. , both of which are incorporated 
herein by reference. 

Another kind of hearing aid, specifically of the IHD 
type, is shown in U.S. Patent No. 4,606,329 to Hough, 
which is incorporated by reference herein. This patent 
discloses converting sound into an electromagnetic signal 
and transmitting the electromagnetic signal 
transcutaneously. a circuit implanted subcutaneous ly in 
the temporal bone of the user outside of the middle-ear 
receives the electromagnetic signal and 
electromagnetically transmits a responsive signal into 
the middle-ear of the user. A magnet is implanted in 
the ossicular chain in the middle-ear. The magnet 
responds to the responsive signal and vibrates the 
ossicular chain in the middle-ear to stimulate the inner 
ear to create the perception of sound in the hearing 
impaired user. This patent discloses various forms of 
the aforementioned magnet, including some of the 
alternative variations for implanting this vibration 
generating component in the middle-ear of the hearing 
impaired person. See also U.S. Patent No. 5,015,225 to 
Hough et al., which is incorporated herein by reference. 

Other IHD embodiments are described in U.S. Patent 
No. 4,776,322 to Hough et al., which is incorporated by 
reference herein. This patent discloses positioning the 
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entire hearing aid in the skull of the user. This 
invention is disclosed in two embodiments: one in which 
the sound processing means is located in but removable 
from the outer ear canal and one in which the hearing aid 
device is totally implanted within the skull of the user. 

Despite the foregoing, there is the need for a 
hearing aid that has relatively lower energy 
requirements. This allows a battery to be used longer. 
It also allows for increased miniaturization, such as by 
permitting a smaller battery to be used for energizing 
the hearing aid. There is also the need for a hearing 
aid which provides more precise and greater vibration 
within the user's ear in response to a driving signal. 
Therefore, there is the more general need for an improved 
hearing aid apparatus, device and method. 

pnmmntry of the Invention 

The present invention provides an improved 
implantable hearing aid apparatus, device and method 
which meet the needs described above. 

The hearing aid device comprises a body adapted to 
be implanted in an implant auditory path of an implant 
recipient. The body is composed of a biocompatibly 
adapted magnetostrictive material so that the body 
undergoes elastic deformation and restoration within the 
implant auditory path in response to a varying 
electromagnetic field applied as a representation of a 
sound to be perceived by the implant recipient. 

The hearing aid apparatus of the present invention 
comprises sound processing means for receiving sound and 
for converting the sound into an electromagnetic signal, 
and the apparatus further comprises magnetostrictive 
means for vibrating within an auditory path of the user 
in response to the electromagnetic signal to stimulate an 
inner ear of the user to create the perception of sound 
in the user. 
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This invention also provides a method of stimulating 
the inner ear to create the perception of sound in a 
human, comprising artificially generating sound 
representing oscillations within an auditory path of a 
human, including magnetostrictively driving a member of 
the group consisting of ossicles of a middle-ear of the 
human, a membrane of an oval window adjacent the middle- 
ear, a membrane of a round window adjacent the middle-ear 
and a related tympanic membrane, in response to a sound 
so that the driven member produces and transmits the 
oscillations into the inner ear, thereby stimulating the 
inner ear. 

The present invention has a lower energy reguirement 
to obtain a given displacement for generating movement in 
the implant auditory path. This can result in decreased 
battery drain and greater miniaturization of the 
implantable magnetostrictive apparatus. Furthermore, the 
amplitude of sound restoration can be greater to the 
implant recipient, improving hearing restoration for 
every level of mild-moderate-high sensorineural hearing 
impairment. Also, the magnetostrictive member has a 
precise axis of motion that can be positioned for more 
exact vibration of the ossicles, the membrane of the 
round window, the membrane of the oval window or the 
tympanic membrane. 

It is therefore a general object of the present 
invention to provide an improved implantable hearing aid 
apparatus, device and method. Other and further objects, 
features and advantages of the present invention will be 
readily apparent to those skilled in the art upon a 
reading of the following disclosure when taken in 
conjunction with the accompanying drawings. 

Brief Description pf t h « Drawing 
FIG. 1 is a block diagram of the apparatus of the 
present invention. 
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FIG. 2 is an enlarged sectional view through an ear 
canal of a user with a first embodiment of an implantable 
magnetostrictive hearing aid apparatus of the present 
invention in position. 

FIG. 3 is an enlarged sectional view through the ear 
canal of the user with a second embodiment of the 
implantable magnetostrictive hearing aid apparatus of the 
present invention in place. 

FIG. 4 is an enlarged sectional view through the 
sound processing means utilized in the hearing aid 
apparatus illustrated in FIG. 3. 

FIG. 5 is an enlarged sectional view through the ear 
canal of the user with a third embodiment of the 
implantable magnetostrictive hearing aid apparatus of the 
present invention in place. 

FIG. 6 is an enlarged sectional view through the ear 
canal of the user with an embodiment of the implantable 
magnetostrictive hearing aid apparatus wherein a 
magnetostrictive body and a coil are located within the 
implant auditory path. 

FIG. 7 is a composite view of various forms of the 
magnetostrictive device of the hearing aid apparatus 
shown in FIGS. 2-6. 

FIGS. 8-18 are partial views of the ear canal 
illustrating various alternative attachments of the 
magnetostrictive device in the user. 

Detailed Description of the Prefer^ Pediments 
Referring to the drawings, presently preferred 
embodiments of the invention and their operation are 
illustrated. Like reference numerals refer to like parts 
throughout the drawings and this description. 

Referring to FIG. 1, the implantable 
magnetostrictive hearing aid apparatus of the present 
invention is shown by a block diagram. FIG. 1 shows an 
apparatus which includes sound processing means 2 for 
receiving sound waves, converting the sound waves into an 
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electromagnetic signal and transmitting the 
electromagnetic signal into an implant auditory path of 
a user where magnetostrictive means 4 is at least 
partially located. The magnetostrictive means 4 
mechanically drives structure of the implant auditory 
path. By mechanically driving a structure in the implant 
auditory path, the perception of sound is created in the 
hearing impaired user or implant recipient. "Implant 
auditory path" as used herein means the auditory path 
defined from the tympanic membrane through a middle-ear 
and oval window to a related round window. 

The magnetostrictive means 4 of the present 
invention can be used in combination with existing sound 
processing means 2. While only illustrative, the 
preferred embodiments which follow show different means 
for processing sound into an electromagnetic signal which 
effects elastic deformation and restoration of the 
implanted magnetostrictive means 4. 

Referring to FIG. 2, which but for the nature of 
element 10 described hereinbelow is the same as a figure 
disclosed in U.S. Patent No. 4,606,329, which patent is 
incorporated herein by reference, a first embodiment of 
an implantable magnetostrictive hearing aid apparatus is 
illustrated and designated generally by the numeral 12. 
This embodiment of hearing aid apparatus 12 has a sound 
processing component 14 for converting sound into an 
analog electromagnetic signal. The sound processing 
component 14 can include an output transmitter 15 for 
transmitting a first electromagnetic signal 
transcutaneously. The output transmitter 15 is connected 
by wiring 16 to a microphone and associated circuitry 
enclosed in a case (not shown) . 

The transmitter 15 is placed supercutaneously on the 
skull of the user for transmitting the first 
electromagnetic signal transcutaneously to a signal 
receiving and transmitting means or component 18 which is 
implanted subcutaneously in the temporal bone outside of 
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the middle-ear of the user. Signal receiving and 
transmitting component 18 includes (1) a receiving means 
20 for receiving the transcutaneous electromagnetic 
signal from the transmitter 15 and (2) a transmitting 
means 22 for transmitting a second, responsive 
electromagnetic signal subcutaneously into the implant 
auditory path of the user. 

In FIG. 2, magnetostrictive means 4 includes a 
magnetostrictive body 10 implanted in the ossicular chain 
in the middle-ear. The malleus, incus and stapes 
together comprise a normal ossicular chain. The 
magnetostrictive means 4 can be connected within the 
ossicular chain (either to a bone thereof or in place of 
a bone or part thereof) as shown in FIG. 2, or it can be 
connected to tissue apart from the ossicular chain but 
within the implant auditory path. The magnetostrictive 
means 4 can be connected directly to a membrane of an 
oval window or round window or to a tympanic membrane as 
explained further hereinbelow. 

Referring to FIG. 2, magnetostrictive body 10 
receives, by being disposed within the field of the 
signal, the subcutaneous electromagnetic signal from the 
transmitting component 22 and vibrates the ossicular 
chain in response to this electromagnetic signal. This 
vibration stimulates the normal functioning of the inner 
ear to create the perception of sound in the hearing 
impaired user. 

Referring to FIGS. 3 and 4, which but for the nature 
of element 10 are the same as figures shown in U.S. 
Patent No. 4,776,322, which patent is incorporated herein 
by reference, a second embodiment of an implantable 
magnetostrictive hearing aid apparatus is designated 
generally by the numeral 30. The sound processing means 
2 of hearing aid apparatus 30 includes a microphone 34 
for receiving sound waves, an electronic means 36 
connected to microphone 34 for converting the sound waves 
into an electromagnetic signal, and an output transmitter 
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38 for transmitting the electromagnetic signal into the 
middle-ear. The output transmitter 38 is disposed in 
body portion 40 of the sound processing means 2 of the 
embodiment of FIGS. 3 and 4. 

Hearing aid apparatus 30 also includes 
magnetostrictive means 4 shown as body 10 the same as 
illustrated in FIG. 2; however, the variations referred 
to herein are also applicable to the present embodiment. 
Just as in FIG. 2, the illustrated magnetostrictive means 
4 receives the electromagnetic signal from the sound 
processing means 2 and vibrates the ossicular chain in 
response to the electromagnetic signal, which stimulates 
the inner ear to create the perception of sound in the 
hearing impaired user. 

Hearing aid apparatus 30 shown in FIGS. 3 and 4 can 
be positioned in the ear canal of a user since external 
sound processing means has been eliminated. 

Referring to FIG. 5, which but for the nature of 
element 10 is the same as a figure disclosed in the 
aforementioned U.S. Patent No. 4,776,322 already 
incorporated herein by reference, a third embodiment of 
an implantable magnetostrictive hearing aid apparatus is 
designated generally by the numeral 50. Hearing aid 
apparatus 50 includes a sound processing component 52 
which can be positioned in or on the skull of a user. 
The sound processing component 52 includes a microphone 
54 for receiving sound waves and an electronic means 56 
connected to the microphone 54 for converting the 
received sound waves into an electromagnetic signal. The 
sound processing component 52 is enclosed within a 
subcutaneous housing 58. 

Electrodes 60 connect the electronic means 56 to an 
output transmitter 62. The output transmitter 62, which 
is imbedded in the temporal bone in close proximity to 
the middle-ear, transmits the electromagnetic signal into 
the implant auditory path of the user. 
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Magnetostrictive means 4 is shown in FIG, 5 the same 
as in FIGS, 2 and 3 and the same explanation applies 
here. 

Like hearing aid apparatus 30 , hearing aid apparatus 
50 can be positioned in the skull of a user. 

The above three embodiments are illustrative only 
and the present invention is not limited merely to the 
apparatus shown. For example, in the above embodiments 
magnetostrictive means 4 is spaced from a coil such that 
magnetos trictive means 4 is located within the implant 
auditory path and the coil is located outside of the 
implant auditory path. However, as shown in FIG. 6, 
magnetostrictive means 4 and coil 66, which is connected 
to electrodes 60, can both be located within the implant 
auditory path. In a specific implementation, the coil 66 
can be wound around the magnetostrictive body 10. More 
generally, the sound processing means 2 of the apparatus 
can be any suitable biocompatible means for providing a 
sufficient driving signal to the magnetostrictive means 
4. 

The device of the present invention is comprised of 
the magnetostrictive means 4 formed of a magnetostrictive 
material. A magnetostrictive material is one which is 
subject to the phenomenon of elastic deformation when 
exposed to a magnetic field. Magnetostriction is a result 
of the rotation of small magnetic domains which causes 
internal strains in the material. These strains result 
in a positive expansion of the magnetostrictive material 
in the direction of the magnetic field. As the field is 
increased, more domains rotate and become aligned until 
finally saturation is achieved, where nearly all domains 
are aligned in the direction of the field. If the field 
is reversed, the domains reverse direction but again 
align along the field direction and also result in an 
increase in the length of the magnetostrictive material. 

Several materials are known to possess 
magnetostrictive properties. For example, nickel, 
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cobalt, iron and alloys of these materials have 
magnetostrictive effects. Terbium and dysprosium also 
possess significant magnetostrictive properties. a 
magnetostrictive means comprised of the member or body 10 
formed of any material possessing magnetostrictive 
properties and biocompatibility with the implant 
recipient will suffice as the device of the present 
invention. 

An alloy comprised of terbium, dysprosium and iron 
is the preferred material of the magnetostrictive member 
or body 10 due to the high displacement-to-energy- 
requirement ratio which is characteristic of this alloy. 
This alloy is commercially available under the trademark 
TERFENOL-D® from Etrema Products, Inc., a subsidiary of 
Edge Technologies, Inc. located in Ames, Iowa. In a 
specific implementation, the magnetostrictive member or 
body 10 is formed of a material which is represented by 
the chemical formula Tb 03 Fe J0 Dy 07 . a manual entitled 
"Application Manual for the Design of ETREMA TERFENOL-D® 
Magnetostrictive Transducers" , prepared by John L. Butler 
of Image Acoustics, inc., North Marshfield, 
Massachusetts, is incorporated herein by reference. 

To make the member 10 biocompatible, it is so 
adapted by a suitable biocompatible coating or casing. 
For example, a presently preferred embodiment includes 
hermetically sealing the magnetostrictive material in a 
titanium can which is welded shut by laser or electron 
beam welding. An inert precious metal coating can also 
be used, for example. 

Referring to FIGS. 7-14, which but for the nature of 
the body 10 are the same as figures disclosed in U.S. 
Patent No. 5,015,225 (and the other two aforementioned 
related patents incorporated herein by reference) , 
examples of the body 10 of magnetostrictive means 4 are 
shown in detail. FIG. 7 illustrates various embodiments 
of magnetostrictive member or body 10. FIGS. 8-14 
indicate various locations in the implant auditory path 
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of the user in which the various embodiments of the 
magnetostrictive means 4 can be placed. In FIGS. 8, 12, 
13 and 14 the member 10 is connected to one or more 
middle-ear ossicles. In FIG. 9 the proximal end of the 
member 10 abuts the malleus and the distal end of the 
member 10 abuts structure below the oval window; in FIGS. 
10 and 11 the distal ends are in the oval window and the 
proximal ends adjoin an ossicle (the incus in FIG. 10 and 
the malleus in FIG. 11) . 

FIGS. 15-18 illustrate other, more preferred, 
embodiments for the disposition of the member 10. In a 
particularly preferred embodiment shown in FIG. 15, a 
"pineapple-ring" shaped device having an off-center bore 
defined therethrough is implanted at the incus-stapes 
junction. FIGS. 16 and 17 show preferred embodiments of 
the magnetostrictive member 10 attached to the proximal 
side (or alternatively, on the distal side) of the 
tympanic membrane medial (FIG. 16) and lateral (FIG. 17) 
to the handle of the adjacent malleus of the related 
middle-ear ossicular chain. FIG. 18 illustrates the 
member 10 implanted between the round window and a 
stabilizing bony support structure in the middle-ear. 

These embodiments of magnetostrictive member or body 
10, as well as their location in the implant auditory 
path, are illustrative only and many other embodiments 
are possible. 

As indicated, but not limited, by the aforementioned 
embodiments, the size, shape and placement of 
magnetostrictive member or body 10 can be varied. For 
example, magnetostrictive member or body 10 can be 
considered a prosthesis replacing one or more of the 
small bones of the ossicular chain. Rather than 
replacing a portion of the ossicular chain, 
magnetostrictive member or body 10 can be attached to a 
bone of the ossicular chain. It can also be used in 
effect in parallel with one or more bones of the 
ossicular chain. 



WO 96/21333 



PCT/US95/16994 



-12- 

Magnetostrictive member or body 10 can also be 
attached to the membrane of the oval window or round 
window in the middle-ear, such as referred to above. The 
magnetostrictive member or body 10 can be positioned on 
the surface of the round or oval window membrane, such 
that magnetostrictive member or body 10 touches but does 
not compress the membrane (very much like the footplate 
of the stapes touches the oval window membrane) . a 
similar technique can be used for the round window 
abutment where the magnetostrictive member or body 10 
extends across the middle-ear cavity like a bridge. The 
magnetostrictive member or body 10 is attached at one end 
to the round window membrane and can be either attached 
at the other end to the malleus or can stand alone 
without attachment to the malleus. An alternate form of 
attachment for both the round and oval windows is to glue 
the magnetostrictive member or body 10 to the round or 
oval window membrane using fibrin glue or biocompatible 
cement. 

To stimulate the inner ear to create the perception 
of sound in a human, the aforementioned apparatus is used 
to artificially generate sound-representing oscillations 
within the auditory path of the human. This includes 
magnetostrictively driving a member of the group 
consisting of ossicles of a middle-ear of the human, a 
membrane of the oval window adjacent the middle-ear, a 
membrane of the round window adjacent the middle-ear and 
a related tympanic membrane. The driven member produces 
and transmits the sound-representing oscillations into 
the inner ear. To do this, magnetostrictive means 4 such 
as a TERFENOL-D* rod, body or formed prosthesis 10 is 
surgically implanted, in a known manner, at a locus of 
the ear structure from which vibrations can be conducted, 
preferably by intrinsic physiological functioning, to an 
operative cochlea. An electromagnetic signal which 
corresponds to detected sound waves is then transmitted 
to where the magnetostrictive body 10 is located. The 
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magnetostrictive body 10 responds to the electromagnetic 
signal by elastically deforming (expanding) and restoring 
(contracting from the expanded state) in response to 
variations in the electromagnetic signal corresponding to 
frequencies of the sensed sound. The elastic expansion 
and contraction of the magnetostrictive body 10 vibrates 
the structure to which the body is attached (preferably, 
at least one of the group consisting of the small bones 
of the ossicular chain, the membrane of the round window, 
the membrane of the oval window and the tympanic 
membrane) • Vibration of the ear structure is conveyed 
from the locus of the application to the cochlea in the 
inner ear resulting in an impulse being transmitted via 
the cochlea nerve to the brain, thereby creating the 
perception of sound in the implant recipient. 

Thus, the present invention is well adapted to carry 
out the objects and attain the ends and advantages 
mentioned as well as those inherent therein. While 
preferred embodiments of the present invention have been 
illustrated for the purpose of the present disclosure, 
changes in the arrangement and construction of parts and 
the performance of steps can be made by those skilled in 
the art, which changes are encompassed within the scope 
and spirit of the present invention as defined by the 
appended claims. 

What is claimed is: 
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1. A hearing aid device, comprising a body adapted 
to be implanted in an implant auditory path defined from 
a tympanic membrane through a middle-ear and oval window 
to a related round window of an implant recipient and 
composed of a biocompatibly adapted magnetostrictive 
material so that said body undergoes elastic deformation 
and restoration within the implant auditory path in 
response to a varying electromagnetic field applied as a 
representation of a sound to be perceived by the implant 
recipient. 

2. The hearing aid device of claim l, wherein said 
body is a prosthesis defined for replacing at least a 
portion of an ossicular chain in the middle-ear. 

3. The hearing aid device of claim 1, wherein said 
body attaches to a bone of an ossicular chain of the 
middle-ear. 

4. The hearing aid device of claim 1, wherein said 
body attaches to a membrane of the oval window. 

5. The hearing aid device of claim 1, wherein said 
body attaches to a membrane of the round window. 

6. The hearing aid device of claim 1, wherein said 
body attaches to the tympanic membrane. 

7. The hearing aid device of claim l, further 
comprising a coil for generating an electromagnetic field 
effecting the elastic deformation and restoration in said 
body. 

8. The hearing aid device of claim 7, wherein said 
body and said coil are located within the implant 
auditory path. 

9. The hearing aid device of claim l, wherein said 
body is composed of a material comprising terbium, iron 
and dysprosium. 

10. The hearing aid device of claim 10, wherein 
said material composing said body is represented by the 
chemical formula TbojFejoDyo,. 
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11. An apparatus for improving the hearing of a 
user comprising: 

sound processing means for receiving sound and 
for converting the sound into an 
electromagnetic signal; and 

magnetostrictive means for vibrating within an 
auditory path of the user in response to 
the electromagnetic signal to stimulate an 
inner ear of the user to create the 
perception of sound in the user* 

12. The apparatus of claim 11 , wherein said 
magnetostrictive means includes a prosthesis for 
replacing at least a portion of an ossicular chain of the 
auditory path, 

13. The apparatus of claim 11, wherein said 
magnetostrictive means comprises a body attached to a 
member of the group consisting of an ossicular chain of 
the auditory path, a membrane of an oval window of the 
auditory path and a membrane of a round window of the 
auditory path. 

14. The apparatus of claim 11, wherein said 
magnetostrictive means comprises a body attached to a 
tympanic membrane of the auditory path. 

15. The apparatus of claim 11, wherein said sound 
processing means is spaced from said magnetostrictive 
means when said apparatus is attached to the user. 

16. The apparatus of claim 11, wherein at least a 
portion of said sound processing means is adjacent said 
magnetostrictive means when said apparatus is attached to 
the user. 

17. The apparatus of claim 16, wherein said sound 
processing means comprises an electrical coil disposed 
around said magnetostrictive means. 

18. The apparatus of claim 11, wherein said 
magnetostrictive means comprises a magnetostrictive 
member formed of a material comprising terbium, iron and 
dysprosium. 
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19. The apparatus of claim 18, wherein said 
material composing said member is represented by the 
chemical formula Tb^jFejoDy^, 

20. A method of stimulating the inner ear to create 
the perception of sound in a human, comprising 
artificially generating sound-representing oscillations 
within an auditory path of a human, including 
magnetostrictively driving a member of the group 
consisting of ossicles of a middle-ear of the human, a 
membrane of an oval window adjacent the middle-ear, a 
membrane of a round window adjacent the middle-ear and a 
related tympanic membrane, in response to a sound so that 
the driven member produces and transmits said 
oscillations into the inner ear, thereby stimulating the 
inner ear. 
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